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Locating the Phosphate Moiety of an Annular Lipid Near the KCSA Potas-
sium Channel Using Pulsed EPR (ESEEM and ENDOR) Spectroscopy and
X-Ray Crystallography
John A. Cieslak, Peter Doan, William Liu, Brian Hoffman, Adrian Gross.
Recent studies on voltage-dependent potassium channels have demonstrated
the importance of the lipid bilayer in maintaining the native structure and
packing of the voltage-sensor (Cuello, 2004; Starace and Bezanilla, 2004;
Lee, 2005; Ramu, 2006; Schmidt, 2006; Vamvouka, 2008). It has also
been suggested that lipids play an integral role in the actual gating mecha-
nism of these channels (Ramu, 2006; Schmidt, 2006; Jogini and Roux 2007;
Vamvouka, 2008). However, annular lipids are frequently lost during solu-
bilization and/or are poorly ordered in crystal lattices. Additionally, annular
lipids may shift position in the absence of a bilayer’s constraining forces.
New tools are therefore needed to detect and locate annular lipids under na-
tive conditions. In published work (Cieslak, 2010), we have described
a weak (~5 A˚) ESEEM interaction between a nitroxide spin label
(V48R1) in KcsA under native conditions and (presumably) a single 31P nu-
cleus of a well-ordered annular lipid. These results highly constrain the pos-
sible locations of the interacting phosphate moiety based on a crystal
structure of KcsA-V48R1 in detergent. ENDOR is a superior experiment
compared to ESEEM in this case because it is more sensitive to weak in-
teractions and provides additional angular information. Furthermore, EN-
DOR is a frequency rather than an intensity measurement and thus no
assumptions regarding the number of interacting nuclei are made. Mims EN-
DOR at Q-band of KcsA-V48R1 under native conditions both confirms the
previous ESEEM data and further constrains the location of the phosphate
moiety. The ENDOR data locate the interacting 31P nucleus at a distance
of ~6 A˚ from the nitroxide in a direction near normal to the nitroxide plane.
This information provides essentially atomic coordinates for the 31P nucleus
of the annular lipid.
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Structural Properties of Syntaxin-1A and its Changes Following Binding of
Munc-18
Damian Dawidowski, David S. Cafiso.
Synaptic vesicle fusion is the process responsible for the signal transduction
across neurons in the nervous system. The SNARE (soluble N-ethylmalei-
mide-sensitive factor attachment protein receptors) proteins, syntaxin, synap-
tobrevin, and SNAP-25 are considered to form a minimal machinery
necessary to fuse the neurotransmitter-containing vesicle to the presynaptic
membrane. Syntaxin possess a single helix (SNARE motif or H3 domain)
and with synaptobrevin and SNAP25 forms the tetra-helical complex re-
quired for fusion. It also has an independently folded tri-helical Habc do-
main. Syntaxin likely exists in a conformational equilibrium between states
where the H3 and Habc either are or are not in direct interaction (closed
and open conformation respectively). When syntaxin adopts a closed confor-
mation, it is not able to assemble into the SNARE complex. This protein is
also regulated by Munc-18, which likely binds to one of its conformations
exclusively, thus altering its ability to bind other SNAREs. We are examining
the structural properties and conformational equilibrium of syntaxin and how
they are modulated with Munc-18 binding. Continuous Wave EPR data is
used to probe for ordered secondary structure along the SNARE motif.
The results indicate that there is an equilibrium between conformational sub-
states in the H3 domain and evidence for tertiary contact with the Habc do-
main. Upon Munc-18 binding, conformational substates are shifted towards
a more ordered structure and stronger tertiary contact with the Habc. Similar
effects were also induced with addition of protective osmolites (glycerol, su-
crose). Double Electron-Electron Resonance (DEER) EPR has been used to
measure the intramolecular distances between both syntaxin domains. The
distances obtained were short, and relatively unchanged when Munc-18
was added. This indicates, that syntaxin adopts a closed conformation regard-
less of the presence of Munc-18.
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Lipid Binding Sites in Membrane Proteins: Cytochrome BC Complexes
S. Saif Hasan, Eiki Yamashita, William A. Cramer.
Of the eight lipid/lipid binding sites, and two lipid-like (chlorophyll a, b-car-
otene) molecules in the hetero-oligomeric cyanobacterial2,6,8 or algal3 cyto-
chrome b6f complex, three lipid sites are recognized as homologous in the
respiratory bc1 complex:
7 (1) sulfoquinovosyl-diacylglycerol (SL, b6f)-phos-
phatidic acid (PA, bc1); (2) n-undecyl-b-D-maltopyranoside (UDM, b6f)- car-
diolipin (CL, bc1); (3) UDM (b6f)-PA (bc1). Localization of anionic
phosphatidylglycerol in the thylakoid stromal leaflet1 and proximity ofUDM (b6f) to the anionic CL (bc1) indicate presence and conserved function
of acidic lipid(s) at these UDM positions in the b6f complex.
4 Residues inter-
acting with lipid head groups show conservation of hydrophobic/hydrophilic
character4,5 and involve interactions via side chains and back-bone atoms.
A fourth lipid site is shared on the p-side of the cyanobacterial (dioleoyl phos-
phatidyl choline)2,6,8 and algal (natural galactolipid)3b6f. p-side (electroposi-
tive side of membrane) acyl tails have well resolved electron density in b6f.
Most n-side (electronegative side of membrane) acyl chains are disordered
but have a hydrogen bond network between lipid/detergent head groups close
to the inter-monomer cavity. This may represent a continuation of the bilayer
and a pathway for quinone/quinol exchange. A defined function of peripheral
lipids has been suggested by mutagenesis.9 Destabilization of peripheral CL-
bc1 interaction leads to loss of bc1-cytochrome c oxidase supercomplex stabil-
ity.9 A b-carotene in b6f lies proximal to the CL in bc1. The b-carotene chain
extends (~ 11A˚) from the complex (disordered electron-density) and may have
a role in stabilizing a b6f - Photosystem I supercomplex. (Support:NIH
GM38323).
References: (1) Douce and Joyard1996; (2) Kurisu et al. 2003; (3) Stroebel et
al. 2003; (4) Palsdottir and Hunte 2004; (5) Qin et al. 2007 (6) Yamashita et
al. 2007; (7) Solmaz and Hunte 2008; (8) Baniulis et al. 2009; (9) Wenz et al.
2009
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Probing the Binding Site of the Influenza A M2 Protein Using Spin-Label
EPR Methods
Patrick Hartnett, Kathleen Howard.
The M2 protein is a membrane spanning multifunctional protein that is the tar-
get of the adamantane based anti-viral drugs amantadine and rimantadine.
Through the use of spin-labeling and both continuous wave and pulsed EPR
techniques we seek to understand molecular details of how the adamantane
drugs bind to M2. Spin-labeled and deuterium labeled analogs of the adaman-
tane drugs in concert with various spin-labeled forms of M2 are used to mea-
sure interactions between bound drug and spin labeled protein.
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Site-Directed EPR-Studies on the Effect of Bilayer Cholesterol Content on
M2 Conformational Equilibrium
Kei Saotome, Kathleen Howard.
M2 is a homotetrameric membrane protein of influenza A that plays multiple
roles in viral replication. Structural studies have shown that M2 conformation
is dependent on the hydrophobic environment. In vivo influenza A membranes
contain up to 40% cholesterol. Using side directed spin-labeling EPR, we stud-
ied the effect of bilayer cholesterol content on the conformation of a 38-residue
M2 peptide spanning the transmembrane region and its C-terminal extension.
CW and pulsed EPR spectra show evidence that M2 adopts multiple conforma-
tional states in bilayers, and that cholesterol content dictates the relative pop-
ulations of the states.
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Influenza A/M2 Proton Channel: Structure in a Lipid Bilayer Provides
Insights into the Conductance Mechanism
Mukesh Sharma, Myunggi Yi, Hao Dong, Emily Peterson, Huajun Qin,
David D. Busath, Huan-Xiang Zhou, Timothy A. Cross.
The M2 protein of influenza A virus forms an acid-activated proton selective
channel involved in modifying virion and trans-Golgi pH for virus infection.
The transmembrane domain of M2 protein has been extensively studied by
structural, functional, and computational methods. However, structural details
about the functional core of this tetrameric protein, a His37-Trp41 cluster,
remain unclear. We have now determined the structure of this channel recon-
stituted in a native-like liquid crystalline lipid bilayer environment by solid
state NMR [1]. The structure of the M2 conductance domain (residues 22-
62) in DOPC:DOPE(4:1) lipid bilayer presents the defining features of the
native protein that have not been attainable from structures solubilized by de-
tergents. The structure shows a left-handed helical bundle stabilized by inter-
actions with four membrane-surface bound amphipathic helices. The structure
also sheds light on the central role of the HxxxW quartet that regulates pro-
ton conductance through the channel by unique hydrogen bonding interac-
tions between pairs of histidines and specific interactions with the
tryptophan gate. The proposed transport mechanism explains observations
on M2 proton conductance. A brief overview of the structure and mechanism
will be presented along with experimental data in support of the transport
mechanism.
[1] M. Sharma, M. Yi, H. Dong, H. Qin, E. Peterson, D. D. Busath, H.-X. Zhou,
and T. A. Cross (2010). Insight into the mechanism of the influenza A proton
channel from a structure in a lipid bilayer. Science (in press).
